to them. Values from tensile tests were smaller than those from cutting tests. The cutting method had the advantage of specifying the direction of fracture and of severing structures serially, allowing easy recognition of tough structures from force-displacement records. This showed that the fracture toughness of the lamina could be modelled by a 'rule of mixtures' whereby the veins (vascular bundles supported by sclerenchyma strands above and below), with a combined toughness of about 6000 J m~2, are contrasted to other tissues -the mesophyll and the epidermis and its cuticle -which together probably have an average toughness of only 220-300 J m~2. Boundson the toughness of mature leavesare probably set close to these limits. However, we could not test all these tissues separately to confirm this. The model predicted the fracture toughness expected in a cylindrical punch-and-die test, which is the commonly used test in ecological studies. However, observed values from this test were twice those expected, which is mostly attributable to yielding of a large volume of mesophyll but also in part due to the debonding of secondary veins from the rest of the lamina. The results suggest that relevant classifications of leaves (sclerophyll, pachyphyll, etc.) should pay close attention to the venation of the leaf and the structure of these veins. It is proposed that the thickening of the walls of smaller veins to form a venous network is a defence against invertebrate herbivores.
INTRODUCTION
Leaves are generally the most heavily attacked of the structural parts of woody plants and a wide variety of animals, both vertebrate and invertebrate, eat them.
However, the degree of damage is very variable both between species and within one species at different locations. Ecologists have sought to investigate this by correlating measures of leaf-area loss with mechanical and chemical tests on leaf tissues. In the largest survey reported, Coley (1983) found that the maximum force required to penetrate the lamina with a cylindrical rod was significantly negatively correlated with the rate of leaf-area loss from a variety of causes including invertebrate herbivores, but excluding vertebrates. None of a large range of chemical tests, including some on phenolic compounds, were as significant. Coley (1987) states that a major selection pressure for the development of tough leaves is defence against herbivory.
Other workers, using a similar or identical test, have claimed importance for it in more specific studies. Feeny (1970) states that the 'immediate' reason for winter moth larvae not eating oak leaves is due to their mechanical properties. Schultz & Baldwin (1982) found that red oaks that had been defoliated by gypsy Phil. Trans. R. Soc. Lond. B (1991) 334, [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] [105] [106] 
